99-CLU-130 CIP#1 
CLUTCH DRIVEN DISC FRICTION MATERIAL MOUNTING 
Related Applications 

[0001] This application is a continuation-in-part of non-provisional application 
serial no. 09/818,316 filed March 27, 2001. 

Field of the Invention 

[0002] This invention relates in general to friction clutches and in particular to the 

structure of clutch driven discs 

Background of the Invention 

[0003] Clutches are well known devices used to selectively connect a source of 
rotational power, such as the crankshaft of an internal combustion engine and its 
flywheel, to a driven mechanism, such as a transmission. Typically, clutches have a 
driven disc rotatably fixed to the transmission input shaft and are axially disposed 
between a flywheel and a pressure plate. Both the flywheel and the pressure plate are 
rotatably fixed to the output shaft of the engine. The pressure plate is axially biased 
toward the flywheel by an axial spring load. When the clutch is in an engaged condition, 
the pressure plate clamps the driven disc against the flywheel. Friction material is 
disposed on both sides of the driven disc to resist slipping between the driven disc and 
both the pressure plate and the flywheel. When the clutch is in a released condition, the 
axial spring load is overcome by a release mechanism, unclamping the driven disc. 
With the driven disc undamped, relative rotation between the transmission input shaft 
and the engine output shaft or crankshaft becomes possible. When the clutch is 
reengaged, the pressure plate is pressed against the friction material, halting relative 
rotation between the engine output shaft and the transmission input shaft. 
[0004] When the clutch is reengaged, and to a lesser degree when the clutch is 

released, the friction material wears due to the contact at relative speed with the 
pressure plate and flywheel. 



1 



99-CLU-130 CIP #1 

[0005] Commonly, the friction material on the driven disc is provided in the form 
of a plurality of discrete elements or cookies. The cookies are adhesively bonded or 
brazed to metal plates to form friction material buttons. The buttons are in turn fixed to 
radially extending paddles of the driven disc assembly by rivets. The thickness of the 
rivet heads limits the amount of the friction material available for wear which can be 
usefully employed to provide engagement between the engine and the transmission. 
To compensate for the rivet head thickness, the friction material is made thicker than 
would otherwise be necessary. Also, the backer plate and the disc paddles are both 
larger than the cookies to enable the buttons to be riveted to the paddles at their outer 
edges. 

[0006] Disadvantages of riveting the buttons to the paddles include: the need to 

provide the necessary extra thickness of friction material for clearing the rivet heads and 
the associated increased rotational inertia contributed by the friction material; and the 
extra rotational inertia attributable to the extra backer plate material and extra disc 
material used at the rivet locations. 

[0007] It is desired to provide a driven disc with a reduced height attachment for 
friction material buttons which alternatively enables the use of thinner friction material 
cookies or extended wear of the friction material. It is also desired to provide a driven 
disc assembly having lower inertia. 

[0008] It is also desired to provide a method of making a driven disc having a 
reduced height attachment for friction material buttons which enables the use of thinner 
friction material cookies, or, alternatively, enables the extended wear of the friction 
material. It is also desired to provide a method of making a driven disc having lower 
inertia. 

Summary of the Invention 

[0009] A clutch driven disc assembly includes a hub and an annular spring plate 
rotatably fixed to the hub. The hub has an axis of rotation. A friction disc assembly is 
mounted concentric with the axis of rotation for rotation relative to the spring plate. A 
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plurality of drive springs are operably disposed between the spring plate and the friction 
disc assembly. The friction disc assembly further includes a reinforcing plate and a 
substantially annular disc fixed to the reinforcing plate. A friction material button is fixed 
to the substantially annular disc. The friction material button has a friction material 
cookie and a backer plate. The backer plate is fixed to the friction material cookie. The 
backer plate is substantially the same size and shape as the friction material cookie. A 
laser weld bead joins the substantially annular disc and the backer plate, in turn fixing 
the friction material button to the substantially annular disc. 

[0010] A method for fabricating a clutch driven disc includes the steps of forming 
a hub, and rotatably fixing an annular spring plate to the hub concentric thereto. A 
friction disc assembly is mounted concentric with the hub for rotation relative to the 
spring plate. A plurality of drive springs are installed between the spring plate and the 
disc assembly. The friction disc assembly is formed by forming a reinforcing plate 
having spring pocket configured to receive the drive springs, by forming a substantially 
annular disc extending radially beyond the reinforcing plate, and fixing the substantially 
annular disc to the reinforcing plate. A backer plate is formed of steel. A cookie is 
formed out of friction material of substantially the same size and shape as the backer 
plate. The friction cookie is fixed to the backer plate to form a friction material button. 
The backer plate is laser welded to the substantially annular disc by directing a laser 
beam toward an interface between the backer plate and the substantially annular disc to 
form a plurality of weld beads between the backer plate and the substantially annular 
disc. 

[0011] A method of fixing a friction material cookie to a driven disc paddle 
includes the steps of forming an annular disc having a radially extending paddle and 
forming a friction material cookie of substantially the same size as the paddle. A backer 
plate is formed of steel of substantially the size and shape as the cookie. The friction 
cookie is fixed to the backer plate to form a friction material button. The friction material 
button is laser welded to the annular disc, forming a plurality of laser weld beads at an 
interface between the backer plate and the annular disc. 
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[0012] The invention provides a clutch driven disc with a reduced height 
attachment for friction material buttons which alternatively enables the use of thinner 
friction material cookies or extended wear of the friction material. The invention also 
provides a driven disc assembly having lower inertia than a clutch driven disc employing 
rivets to join friction material buttons to the driven disc. 

[001 3] The invention additionally provides a method of making a driven disc 
having a reduced height attachment for friction material buttons enabling the use of 
thinner friction material cookies, or, alternatively, enabling the extended wear of the 
friction material. The invention provides a method of making a driven disc having lower 
inertia. 

Brief Description of the Drawings 

[0014] Figure 1 is an end view of a clutch driven disc. 

[001 5] Figure 2 is a sectional side view of the clutch driven disc of Figure 1 in the 
direction of arrows 2. 

[0016] Figure 3 is an enlarged view of a paddle of the clutch driven disc of Figure 
1. 

[0017] Figure 4 is a sectional view of the portion of the clutch driven disc of 
Figure 3 in the direction of arrows 4. 

[0018] Figure 5 is an enlarged view of a paddle of the clutch driven disc of Figure 
1 showing a first alternative welding configuration. 

[0019] Figure 6 is an enlarged view of a paddle of the clutch driven disc of Figure 
1 showing a second alternative welding configuration. 

Description of Preferred Embodiments 

[0020] A clutch driven disc assembly 10 as shown in Fig. 1 and Fig. 2 includes 
an axis of rotation 12, a hub 14, a friction disc assembly 16 and a plurality of damping or 
drive springs 18 disposed between hub 14 and friction disc assembly 16. 
[0021] A pair of spring plates 20 are fixed to hub 14 by rivets 21 . 
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[0022] Friction disc assembly 16, best shown in Fig. 2, includes a substantially 
annular disc 22 fixed to a pair of annular reinforcing plates 24 by rivets 25 or other 
fastening means. Disc 22 is typically a plain carbon steel such as SAE 1080. 
Reinforcing plates 24 are axially disposed between spring plates 20. Drive springs 18 
are disposed simultaneously in spring pockets 26 in reinforcing plates 24 and spring 
pockets in spring plates 20. Relative rotation of disc assembly 1 6 to hub 14 
compresses drive springs 18. 

[0023] Disc 22 has a plurality of radially extending paddles 28, best shown in Fig. 
3 While four paddles 28 are shown, an alternative number of paddles 28 such as three 
may be employed. Friction buttons 30 are disposed on both sides of each paddle 28. 
Friction buttons 30 are used to provide frictional engagement with a clutch flywheel (not 
shown) and a clutch pressure plate (not shown) when installed in a vehicle. 
[0024] Clutch friction buttons 30 include a friction material cookie 32, alternatively 
known as a compact and preferably made of an appropriate friction material, such as a 
sintered metallic composite or non-metallic materials, such as organic friction material. 
Such friction materials are well known in the art. Cookie 32 is fixed to a steel backer 
plate 34 by known means, such as adhesive bonding or by brazing. However, unl.ke 
the extended backer plate used for the riveted design, backer plate 34, as configured for 
attachment to paddle 28 in accord with the present invention, is substantially the same 
size and shape as friction material cookie 32. Buttons 30 are sized to substant.ally 
cover paddles 28. The corresponding size and shape of backer plate 34 relative to 
cookie 32 is enabled by eliminating the need for laterally extending rivet flanges. Steel 
backer plate 34 is preferably formed of high carbon steel, such as SAE 1080 steel. If 
cookie 32 is brazed to plate 34, then plate 34 is preferably copper plated to facilitate the 
brazing process. Backer plate 34 is in turn laser welded to paddle 28. The number and 
placement of laser weld beads 36 is determined at least in part by the optimal number 
and location of laser weld beads 36 needed to prevent distortion of cookies 32 relat.ve 
to paddles 28. Beads 36 are sized and oriented to prevent separation of buttons 30 
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from paddles 28. The laser weld bead or beads 36 are provided on at least two 
opposing edges of backer plates 34. 

[00251 The weld beads 36 fuse backer plate 34 to paddle 28. Identical weld 
beads 36, in the embodiment shown in Fig. 3, are made on each lateral edge 38 of 
backer plate 34. Backer plate 34 extends slightly beyond cookie 32 to facilitate backer 
plate 34 being welded to paddle 28 without compromising either the friction material 
comprising cookie 32 or the attachment of cookie 32 to backer plate 34. Weld beads 36 
have a low profile, seldom extending beyond the height H of backer plate 34. 
[0026] The placement and the number of weld beads can be varied from that 
shown in Fig. 3. One exemplary alternative embodiment shown in Fig. 5 locates weld 
beads 36' along radially inner edge 40 and radially outer edge 42. Another alternative 
embodiment, as shown in Fig. 6, has a multitude of relatively short weld beads 36" 
circumscribing backer plate 34. Yet alternatively, a single weld bead could extend 
continuously around the perimeter of backer plate 34. However, a continuous bead 
would likely be the most difficult and most expensive to provide. 
[00271 A method for fabricating clutch driven disc assembly 10 is now descnbed. 
Hub 14 is formed by conventional means, including stamping, forging, casting or other 
appropriate metal forming processes. Annular spring plates 20 are formed by an 
appropriate metal forming process, such as stamping, and are rotatably fixed to hub 14. 
Reinforcing plates 24 are stamped of steel and have spring pockets 26 formed therein 
configured to receive springs 18. Annular disc 22 is stamped of steel. Friction disc 
assembly 16 is assembled by riveting reinforcing plates 24 to annular disc 22. Friction 
disc assembly 16 is located concentric with spring piates 20 and hub 14 for rotation 
relative to spring plates 20 and hub 14. A plurality of drive springs 18 are installed 
between spring plates 20 and friction disc assembly 16. 

[0028] A method for welding friction buttons 30 to disc 22 is now disclosed. 
[0029] Laser weld beads 36 are formed by directing a beam 44 of coherent light 
of sufficient energy at or proximate to the interface between backer plate 34 and paddle 
28 to achieve a fillet weld configuration. Beam 44 is generated by laser 46. The heat 



99-CLU-130 CIP #1 



generated thereby fuses plate 34 and paddle 28 together. The fusing produces laser 
weld beads 36. Alternatively, an overlap or melt-through weld can be accomplished by 
directing the laser beam on the backer plate surface and melting through the backer 
plate and penetrating into the disk. With higher power the laser beam weld can 
penetrate through one backer plate, through the disk, and into the second backer plate, 
thereby joining opposing side friction material buttons in a single weld pass. Laser weld 
beads in general are characterized by a relatively small profile. The small profile is 
attributable to the autogenous nature of laser welding which requires no filler metal. 
While weld penetration may be deep, the resultant surface weld bead is relatively small 
since no filler material is added. It should be appreciated that the representation of 
welds in the figures are schematic and do not reflect weld penetration. 
[0030] Laser welding is well suited for high production volumes. Laser welding 
enables high welding speeds, in the range of 25 to 100 inches of weld per minute. A 
laser welding system can also be designed and built to generate multiple weld beads 36 
simultaneously. While a multiple laser system may be complex, such systems are 
already in use in numerous other applications. 

[0031] Advantages of driven disc assemblies 10 using the laser welding method 
overdriven disc assemblies having buttons riveted to disc 22 include lower inertia, and 
increased clearances and lower cost. Inertia is reduced because backer plate 34 is 
smaller, being the same size as the friction material cookie, and because paddles 28 
are smaller, and because there are no rivets and because friction material cookies 32 
are thinner. If, instead of making paddles smaller to conform to the size of cookies 32, 
cookies are increased to the size of paddies, the useful life of driven disc assembly 10 is 
increased. Welds 38 do not extend significantly beyond backer plate 34, as no filler 
metal is added. Deformation of cookies 32 during welding is reduced relative to other 
forms of welding because of the precise nature of laser welding. This precision is due in 
part to the high energy density of the laser beam and to the low total energy input to the 
part. Further, due to the ability to accurately locate and form the laser weld, the 
resultant weld beads 36 are relatively small. As a result, little heat is transferred to the 
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backer plate beyond the immediate area of the weld, thereby minimizing the potential 
for distortion being created by welding. It should be appreciated that thermal distortion 
creating lift off of the button can be reduced by employing welds located within the 
periphery of the friction material cookie. This could be achieved by providing slots or 
openings of other forms (not shown) within the friction material cookie to enable the 
laser to reach the backer plate. If a melt-through weld is employed, no openings in the 
backer plate would be needed. If fillet welds were to be employed, openings in the 
backer plate corresponding to openings in the friction material cookie would be needed. 
[0032] Another benefit of the present invention is a reduction in the variable cost 
of fabricating a clutch driven disc assembly 10. Lower variable cost is obtained by the 
elimination of the rivets which would otherwise be needed to retain cookies 30, by a 
reduction in the amount of friction material needed, by a reduction in the amount of 
backer plate material due to the smaller size of the backer plate, and by a reduction in 
the amount of disc material needed due to the smaller paddle areas. 
[0033] However, laser welding also presents some difficulties in this particular 

application which must be overcome. For example, the combination of high welding 
speeds like 25 to 100 inches per minute of the high carbon SAE 1080 steel and the low 
energy input results in high cooling rates of the heat-affected zone, which in turn results 
in a heat-affected zone detrimentally susceptible to cracking. When steels with Carbon 
contents higher than 0.35 weight percent are fusion welded, precautions must be taken 
to avoid embrittlement and cracking in the weld zone. The Carbon content of SAE 1080 
Steel, 0.80 weight percent Carbon, is sufficiently high to reach an as-quenched 
hardness of 65 HRC, making the material crack sensitive, if copper from any copper 
plating is present, it can further complicate the welding process. 
[0034] Additional processing in the form of heat treating is needed to overcome 
the cracking concern. Typically, hardening or heat treating of SAE 1080 steel is 
accomplished by austenitizing the material at a temperature of 1500 to 1600 degrees 
Fahrenheit and subsequently quenching the material in brine, water or oil. 
Subsequently the steel is tempered to a useful hardness level of about 58 HRC by 
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heating the material at 600 degrees Fahrenheit. However, such an approach is not 
practical for use with laser welding. 

[0035] In the weld zone, the temperatures are much higher, and the cooling rates 
are much faster, than with conventional heat treating. The temperature in the weld 
metal exceeds the melting temperature of steel, about 2600 degrees Fahrenheit, and 
likely reaches the boiling point, exceeding 4000 degrees Fahrenheit. Clearly there is 
sufficient temperature to melt base metal and to austenitize the steel adjacent to the 
weld, although the time at temperature is limited. Compared to a brine quench, the 
cooling rate in the weld zone is many times more severe. Self-quenching of the weld 
zone by the adjacent, unheated mass of cold disk and cold button base metal provides 
near-instantaneous cooling, beyond the capability of agitated brine. Compounding 
these problems are shrinkage stresses that develop as the weld metal solidifies. 
[0036] Embrittlement and cracking in the weld zone of SAE 1 080 Steel can be 
avoided by the application of pre-heat, a low-hydrogen welding process and immediate 
post heat. Pre-heat and immediate post-heat singly or in combination slow the cooling 
rate so that the formation of large quantities of untempered martensite is avoided. 
Untempered martensite, a hard and brittle phase, forms in SAE 1080 Steel when the 
material has been austenitized and cooled rapidly to a temperature below approximately 
430 degrees Fahrenheit, the martensite start temperature. If the temperature of the 
weld area, before welding, is elevated to and maintained at the "martensite start- 
temperature plus 50 to 100 degrees Fahrenheit, for example 500 degrees Fahrenheit, 
then the formation of large quantities of untempered martensite is not possible. The 
austenite phase transformation is arrested at temperatures higher than the martensite 
start temperature; therefore, higher temperature transformation phases like ferrite, 
pearlite and bainite form rather than martensite. In other words, the site of the to-be- 
deposited weld and the adjacent area should be pre-heated to a temperature of 500 
degrees Fahrenheit before welding. Throughout the application of the weld, the weld 
and immediate area of the weld should not be allowed to drop below a temperature of 
500 degrees Fahrenheit. 
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[0037] Upon completion of the weld, immediate post-heat should be applied to 
facilitate the diffusion of Hydrogen out of the weld zone and to temper any martensite 
that formed despite the preheat temperature. A continued temperature of 500 degrees 
Fahrenheit or higher would suffice for this purpose. A better approach would be to 
elevate the temperature of the completed weld and adjacent weld zone to a temperature 
of 700 to 800 degrees Fahrenheit which would temper the SAE 1080 Steel back to a 
hardness of 51 to 48 HRC. With these measures only a very small quantity of 
martensite could develop and this martensite would be tempered, making this material 
wear and load resistant. 

[0038] A preferred form of laser welding is with an yttrium aluminum garnet or 
YAG laser, either flash lamp or diode-pumped. Laser beam welding is considered a low 
Hydrogen welding process. However, this is true only if a shielding gas is used to 
protect the weld metal and heat affected zone from atmospheric contamination. Many 
companies laser beam weld steel parts without the shielding gas. Welding SAE 1080 
steel without shielding gas will not achieve the desired affect. The inert gases Argon 
and Helium are the best choices for shielding gas for laser beam welding, with Argon 
being preferred. A trailing gas shield of Argon is desirable, but is not absolutely 
required. 

[0039] Several methods are available for providing the desired pre-heat and post- 
heat. Furnace heating the entire assembly is not practical, as it will result in undesired 
distortion. Preferably, only the local area proximate to the welding is heated. 
Alternative means of localized heating include the use of induction coils, quartz lamps, 
resistance heaters, and oxy-fuel gas flames. Ail of these heating means are known in 
the art. 

[0040] The embodiments disclosed herein have been discussed with the purpose 
of familiarizing the reader with the novel aspects of the invention. Although preferred 
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embodiments of the invention have been shown and disclosed, many changes, 
modifications and substitutions may be made by one having ordinary skill in the art 
without necessarily departing from the spirit and scope of the invention as described in 
the following claims. 
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